In the modern production of the large-diameter thick-walled steel welded pipes on the presses, the main part of the steel pipe' billet (about 90% of the billet's surface) is deformed on the O-forming press by means of the movable punch and the fixed matrices. However, it is impossible to make the bending of the sheet's longitudinal edges on this press. Therefore, before the forming of the billet on the O-forming press, the edges of the steel sheet billet are always bent on the flanging press. The low-quality calibration of the instrument of the flanging press and the wrong choice of the technological modes of the bending of the billet's edges lead to the formation of the numerous defects of the sheet billet (the corrugation defect of the billet's edges, the offset edges of the billet, and so on) that makes it impossible in the next for a good quality weld of the pipe billet's edges on the pipe-welding machine. Under the edge's transversal bending of the thick-leaved blank the analytical method of the calculation of the main technological parameters is suggested in this paper. The shape and size of the thick-leaved blank during and after the forming in the flanging press, the spring coefficient and the residual curvature of the blank are obtained. During every molding stage the elasto-plastic material model is considered. The condition of the corrugation's origin for the longitudinal edge of the sheet blank is obtained. The results of the investigation are important for the working out of the manufacturing technique of the steel major-diameter tubes for the main pipelines.
Introduction
In the market of the production of the steel welded large-diameter pipes for the main gas and oil pipelines, the process of the forming of the tube billet according to the scheme JCOE is established [1−32] .
In the first stage of the process, the edge bending of sheet billet on the flanging press by means of the step-bystep method is taken place simultaneously from two sides ( fig. 1 and fig. 2 ). Next the main part of a sheet billet is forming simultaneously by the step-by-step method on the O-forming press along the entire length of the billet from the bent edges to the middle of the billet. Then the assemblage of the pipe by the welding of the pipe's longitudinal seam is taken place. After welding, the necessary transverse diameter and transverse roundness of the pipe is achieved by using the expander. Thereafter the process of the hydraulic testing of the pipe and the process of applying insulation on the inner and outer surface of the pipe are followed [14−16] .
Calculation of punch's profile of the flanging press
We introduce the rectangular coordinate system Oxy, the beginning of which is located at the point of contact of a sheet billet with the matrix.
Let H and l be respectively the height and length of the edge of the deformable parts of the billet during the forming, H 1 and l 1 be the values H and l after the forming (after the springback).
The contact profile of the matrix is set in the flanging press by means of the evolvent equation ( fig. 3 
We introduce the angle of inclination of the matrix surface's profile to the horizontal line α(ϕ)
The calculation results of the parameters of the matrix's evolvent surface under the bending of the edges of the steel sheet billet for the pipe diameter D = 1420 mm (r = 561,0 mm, ϕ 0 = 88°, ϕ k = 43°) is shown in tab. 1.
The radius of the curvature of the neutral plane of steel billets during forming on the flanging press is equal to ρ = rϕ + h/2.
The springback coefficient of a steel sheet
To describe the mechanical properties of metals, we will use the model of elastoplastic medium with the linear hardening.
After the deformation in the flanging press, the edges of the steel sheet billet spring backwards. Then the residual radius of curvature of the billet's neutral plane of after springbacking ρ 0 and the springback coefficient of billet β are equal to [14−18] 
where h and ρ are respectively the thickness and the radius of the neutral plane's curvature of the steel sheet's billet; E is the young's modulus; P t and P c are respectively the hardening modules in a tension and a compression; σ s is the deformation resistance of steel. The deformation resistance of steel σ s = μ FP σ y , where σ y is the yield strength of steel, μ FP = const ≈ 1 is a dimensionless coefficient that takes into account the strain rate of the billet.
Note that the speed of the vertical movement of the punch on the flanging press can be up to 22 mm/s up and 50 mm/s down.
If ϕ t hE/(2(r + h/2)σ s ) = ϕ el , then it is necessary to put ρ 0 = f (the case of the full elastic springbacking of the sheet billet's section to a flat state).
As for the flanging press ϕ < ϕ el , then under the forming it is only observed the plastic deformation of the billet.
The bending of the edges of the sheet billet takes place simultaneously and symmetrically relative to the central longitudinal axis of the sheet, and the value of ϕ 0 is set to always.
Let ΔL FP be the length of the bended edge on the involute at one side of the billet. Then 
Shape of steel sheet under forming in the flanging press
When the steel sheet billet is forming into the flanging press, the residual plastic deformations in the longitudinal direction of the billet may occur due to the difference between the heights of the billet at the points of its contact with the punch and the roller conveyor. If these plastic deformations are too large, then the corrugation defect of the billet's edges on the phase transition between the punch's steps can take place.
We find the form of the sheet billet in the longitudinal direction at the time of its bending in the flanging press ( fig. 5) .
Let H and H ev be the longitudinal elevation and the height of the bended flank edges of the sheet billet during forming on at the flanging press, l be the unknown length of billet's separation from the plane of the roll-table, E be the young's modulus of the metal, b and h be the width and the thickness of the billet, J x be the moment of inertia of the sheet's cross section (J x = bh 3 /12), γ be the specific weight of steel, q = γbh be the linear weight of the sheet in the longitudinal direction.
Let O 1 be the point of separation of the sheet from the plane of the roll-table in a Cartesian rectangular coordinate system O 1 yu and Oyz: u = l -z.
The differential equation of the longitudinal neutral axis of the sheet billet has the form 
where M x (u) is the bending moment of the sheet billet. The non-deformed edge of the sheet billet touching the plane of the roll-table is a straight line, so the bending moment at the point O 1 of the separation of the billet from the plane of the roll-table is equal to zero:
From the last equation, we find the length l of the separation of the billet from the plane of the roll -table:   4 72 .
x EJ H l q = To take into account the effect of the bending of sheet edges in the transverse direction during forming is possible by introducing the constant dimensionless coefficient μ of the reduced length, which is determined experimentally.
Passing from z to u and substituting l and μ, we obtain 
